How does stress promote risky decision-making? Friedman et al. find that stress disrupts inhibition of striatal circuits by prefrontal cortex, rendering animals insensitive to potential losses. This may help explain how stress contributes to substance abuse and how it can disinhibit automatic behaviors, such as tics in Tourette syndrome.
Chronic and uncontrollable stress affects brain, body, and behavior in innumerable ways. It can trigger or worsen symptoms of neuropsychiatric disease (Arnsten, 2015) and drive risky behaviors, contributing to drug addiction and other pathologies (Sinha, 2013) . Stress can alter the integration of costs and benefits during decision-making, leading to more impulsive choices and to a greater reliance on habitual responding. It also influences disordered cognitive processing, as seen in schizophrenia (Arnsten, 2015) , and sensorimotor symptomatology, as seen in Tourette syndrome (Godar and Bortolato, 2017) . Understanding these relationships has never been more important, at a societal level, with the chronic stress engendered over the last decade by the Great Recession and the concomitant upsurge in methamphetamine and opiate addiction. In this issue of Cell, Ann Graybiel and colleagues present an elegant analysis of the impact of stress on risky decisionmaking and on the underlying neural mechanisms, identifying a weakened ''top-down'' prefrontal engagement of local inhibitory mechanisms in the striatum.
Stress tends to promote simple decisionmaking strategies that depend on ingrained habits, at the expense of more thoughtful, goal-directed actions ( Figure 1A) ; this has been observed in both humans (Park et al., 2017) and rats (Dias-Ferreira et al., 2009) . During goal-directed decision-making, a subject chooses an option after evaluating possible outcomes based on accrued knowledge of the environment, a process referred to as model-based reinforcement learning. This process, which is costly in terms of both time and cognitive resources, allows a subject to flexibly integrate information about a potential action, including its potential costs and benefits. This process depends on phylogenetically recent circuits, especially those in prefrontal cortex (PFC). Habitual behaviors, in contrast, are automatically executed, cognitively simpler actions learned though repeated experience, during which the value of an action is incrementally updated based on unexpected outcomes of previous choices. This process is known as model-free reinforcement learning and is thought to be mediated largely by the striatum.
Several decades of research have characterized the neurophysiological effects of stress on brain function. Uncontrollable stress flips the brain from a more ''reflective'' state, mediated by the more recently evolved PFC, to a more ''reflexive'' state, mediated largely by subcortical structures (Arnsten, 2015) . High levels of catecholamine release produced by uncontrollable stress erodes PFC circuits by weakening synaptic connectivity, reducing neuronal firing, and inducing dendritic atrophy (Arnsten, 2015) . In contrast, chronic stress produces hypertrophy within structures associated with reflexive behaviors, including the amygdala and the sensorimotor striatum (Dias-Ferreira et al., 2009; Arnsten, 2015) .
Friedman et al. now extend this analysis to the circuit level, revealing changes in the top-down regulation of the striatum by the PFC after chronic stress. Graybiel has been a pioneer of striatal anatomy and physiology (Graybiel, 2008) , and her group has generated many important insights over the years into the functioning of the corticostriatal circuitry that underlies habits and decision-making. They developed an elegant behavioral task in which rats are required to make a binary choice on a T-maze ( Figure 1A) . One choice led to a high reward (chocolate milk) but was accompanied by a high cost (a bright, aversive light). The alternative led to lower reward (diluted chocolate milk) but also a lower cost (a dimmer light). While unstressed rats generally preferred the low-risk/low-reward condition, chronic stress produced a switch toward preference for the high-risk/highreward condition. This pattern is also seen in humans, who show increased reward sensitivity and decreased sensitivity to punishment with stress exposure (Gray, 1999) .
Guided by previous work, Friedman et al. focus their mechanistic examination of this phenomenon on the projections from the medial PFC to the striosomes, discrete patches within the striatum that the Graybiel group discovered previously (Graybiel, 2008) . Using a combination of experimental approaches, including optogenetic manipulation and computational modeling, they determined that chronic stress changes both the magnitude and the timing of firing of PFC neurons, producing reduced firing of interneurons in the dorsomedial striatum. These interneurons normally produce feed-forward inhibition of neighboring striatal projection neurons, and so this reduced interneuronal activity leads to elevated firing of the projection neurons ( Figure 1B) . These circuit-level changes proved to be both necessary and sufficient to produce the shift to a preference for choices associated with higher reward, despite higher cost.
One interesting aspect of this finding is the focus on striatal interneurons-in particular, the parvalbumin-expressing ''fast-spiking'' interneurons, or FSIs. Dysregulation of these cells has previously been implicated in the development of neuropsychiatric disease. For example, they are disrupted in severe cases of Tourette syndrome, which is characterized by abnormal movements and a reliance on habits and is frequently accompanied by difficulties with impulse control. The tics seen in Tourette syndrome are triggered by stress, and experimental depletion of striatal FSIs can produce similar stress-induced repetitive movements (Xu et al., 2016) Stress is ubiquitous, for both humans and animals, and its effects on brain and behavior are of central importance to the understanding both of normal function and of neuropsychiatric disease. It is both pernicious and ironic that chronic stress can lead to impulsive action; in many clinical cases, such as drug addiction, impulsivity is likely to worsen patterns of behavior that produce the stress in the first place, inducing a vicious cycle. The elegant study by Graybiel and colleagues gives important new insight into the cells and networks underlying this relationship and thus a new window into how it might be managed and mitigated.
